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CHAPTER 3
STAGNATION POINT FLOW AND HEAT TRANSFER TOWARDS AN
EXPONENTIALLY STRETCHING/SHRINKING SHEET
3.1 INTRODUCTION
In this chapter, two dimensional boundary layer stagnation point flow and heat
transfer over an exponentially stretching/shrinking sheet are considered. This problem is
studied with three cases of boundary conditions, which are prescribed wall temperature,
prescribed surface heat flux and convective boundary conditions. The problem with
prescribed wall temperature is compared with that done by Bhattacharyya and Vajravelu
(2012).
The boundary layer flow and heat transfer over a stretching surface has many
applications in industries and technologies. Therefore many researchers have been
interested in studying boundary layer flow and heat transfer in a large number of
applications. Some of these applications are drawing of plastic films, glass fiber
production, hot rolling, wire drawing, artificial fibers, aerodynamic extrusion of plastic
sheets, paper and metal production, polymer extrusion, metal spinning and many others
industrial manufacturing processes. The final product with the requested characteristics
depends on the cooling liquid used and the rate of stretching (Bachok et al., 2012).
Furthermore, Hiemenz (1911) was the first to investigated the two dimensional
stagnation point flow over a stationary plat. The stagnation point flow towards a
shrinking sheet was investigated by Wang (2008). The results obtained both a dual and
unique solutions for the specific range of the velocity-ratio parameter in two-
dimensional and asymmetric cases. Recently, Bhattacharyya (2013) and Bachok et al.
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(2013) investigated the unsteady and steady boundary layer stagnation point flow over
stretching/shrinking sheet with constant wall temperature and convective boundary
conditions, respectively.
The constant/prescribed wall temperature, constant/prescribed surface heat flux,
Newtonian heating and convective/conjugate boundary conditions are four general
heating processes on the wall temperature distribution, which are considered by Merkin
(1994). Commonly, in most research on the boundary layer flow and heat transfer, the
constant wall temperature is used as the boundary conditions. For example the
stagnation point flow over an exponentially stretching or shrinking sheet was
investigated by Wong et al. (2011). They found the unique solutions for case of
stretching sheet and dual solutions was obtained in the case of shrinking sheet. Makinde
and Aziz (2011) investigated nanofluid flow over a stretching sheet with convection
boundary condition. Recently, Nadeem et al. (2014) investigated the water-based
nanofluid over an exponentially stretching sheet. In this study three boundary conditions
are considered.
Hence, we study the stagnation flow over exponentially stretching/shrinking
sheet with prescribed wall temperature, prescribed surface heat flux and with convective
boundary conditions. Mathematical formulations of the problems are discussed in
section 3.2. Section 3.3 is the results and discussion and is divided in three sub-sections.
Sub-section 3.3.1 is about stagnation point flow over an exponentially
stretching/shrinking sheet with prescribed wall temperature. Stagnation point flow with
surface heat flux is discussed in sub-section 3.3.2. Sub-section 3.3.3 considered the case
of convective boundary conditions. The conclusion is discussed in the section 3.4.
3.2 MATHEMATICAL FORMULATION
Let us consider the steady viscous, laminar and two-dimensional boundary layer
stagnation point flow (of an incompressible fluid) and heat transfer over an
exponentially stretching/shrinking sheet as shown in Figure 2.1. The governing
equations are written as follows,
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where Pr   is the Prandtl number. The boundary condition are,
   
     
      
(0) 0, (0) , at  0,
0 1 PWT ,  at  0,
0 1 PHF ,  at  0,      3.3
0 1 0 CBC , at  0 ,
( ) 1, ( ) 0,    as ,
f f
f
 
 
 
   
   
  
 
   
    
    
where b a  is the stretching/shrinking parameter, can be noted that 0  is for
shrinking, 0  is valid for stretching and 0  corresponds to a fixed sheet. The
physical quantities of interest are the skin friction coefficient fC and local Nusselt
number xNu which are defined as:
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where  is the fluid density, w is the surface shear stress and wq represents the surface
heat flux. Let
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where  and k are the dynamic viscosity and thermal conductivity, respectively. By
substituting Eq. (2.23) and Eq. (2.21) into Eq. (3.6) and Eq. (3.4) respectively, the
reduced skin friction coefficient is defined as:
